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NOMENCLATURE 

2 

Reference  area,  model  base  area,  0.3491  ft 
Model  support  angle  of  attack,  deg 
Model  angle  of  attack,  deg 
Time  rate  of  change  of  ALPHA,  radians/sec 
Model  sideslip  angle,  deg 

Slope  of  the  pitching-moment  curve,  radian  * 

Damping-in-pitch  derivatives,  3CLMT/B(Q>‘D/2V)  + 
dCLMT/9  (ALPHAD*D/2V) ,  radian-1 

Pitching-moment  coefficient,  pitching  moment/QAD 

Model  configuration  number 

Reference  length,  model  base  diameter,  0.6667  ft 

Phase  angle  between  the  forcing  moment  and  the 
angular  displacement,  deg 

Model  moment  of  inertia  about  the  pivot  axis, 

0.408  slug-ft* 

Average  height  of  carborundum  grit  used  on  boundary 
layer  trip  (if  aero,  no  trip  is  used),  in. 

Reference  length,  model  base  diameter,  0.6667  ft 

Distance  between  model  base  and  beginning  of 
plate,  ft 
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Angular  restoring  moment  of  the  cross-flexure 
pivot,  ft- lb/rad 
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Ratio  of  b.ise  pressure  to  free-stream  static 
pressure 

Balance  rol 1  angle,  deg 
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1.0  INTRODUCTION 


The  work  reported  herein  was  sponsored  by  the  Arnold  Engineering 
Development  Center  (AEDC) ,  Air  Force  Systems  Command  (AFSC) ,  Arnold 
Air  Force  Station,  Tennessee,  under  Program  Element  65807F,  and  Control 
Number  9R02-00-9.  The  results  were  obtained  by  ARO,  Inc.,  AEDC  Division 
(a  Sverdrup  Corporation  Company),  operating  contractor  for  the  AEDC. 

The  test  was  conducted  in  the  Propulsion  Wind  Tunnel  Facility  (PWT) , 
Aerodynamic  Wind  Tunnel  (4T)  under  ARO  Project  No.  P41C-A9  from  September 
26  to  October  3,  1979.  This  test  provided  data  in  support  of  the 
research  project  "AEDC  Dynamic  Stability  Research,"  ARO  Project  Number 
V32F-09.  The  AEDC  Research  Monitor  was  Mr.  Alexander  F.  Money,  and  the 
Test  Project  Monitor  was  Mr.  Bob  L.  Uselton  of  ARO,  Inc.  This  work  is 
a  continuation  of  the  work  reported  in  Refs.  1  and  2. 

The  objective  of  the  test  was  to  determine  sting-support  interference 
effects  on  the  measurements  of  static  and  dynamic  stability  derivatives 
and  base  pressure.  This  included: (1)  defining  critical  sting  length  by 
the  measurement  of  pitch-damping  derivatives  for  two  frequencies  of 
oscillation,  (2)  investigating  the  effect  of  sting  length  on  yaw-damping 
derivatives  as  a  function  of  angle  of  attack,  and  (3)  investigating  the 
effect  of  splitter  plates,  located  behind  the  model,  on  pitch  damping 
derivatives. 

The  model  was  a  15  percent  spherically  blunt  7  deg  cone.  Data  were 
obtained  at  a  constant  model  oscillation  amplitude  of  ±  1  deg,  using  the 
VKF  (von  Karman  Facility)  1 .0  Forced  Oscillation  Test  Mechanism.  Two  fre¬ 
quencies  of  oscillation,  nominally  5.6  Hz  and  3.1  Hz,  were  tested.  At 
the  high  frequency,  both  pitch-damping  and  yaw-damping  data  were  obtained 
as  a  function  of  angle  of  attack  (0  to  28  deg)  at  Mach  numbers  0.2  to 
1.3.  At  the  low  frequency,  pitch-damping  data  were  obtained  at  angles 
of  attack  of  0  to  20  deg  at  Mach  numbers  0.2  to  0.9.  The  effective  sting 
length  was  varied  from  1  to  3.4  model  diameters  by  extending  a  conical 
flare  to  various  stations'~aT6ng  the  sting.  Two  model  wake  splitter  plates 
were  also  investigated.  The  Reynolds  number  based  on  model  diameter  ranged 
from  0.2  x  10^  to  3.6  x  10&  and  the  reduced  frequency  parameter  varied 
from  0.006  to  0.049. 

A  microfilm  copy  of  the  final  data  has  been  retained  in  the  PWT  at 
AEDC.  Inquiries  to  obtain  copies  of  the  test  data  should  be  addressed 
to  AEDC/DOT,  Arnold  Air  Force  Station,  Tennessee  37389., 


2.0  APPARATUS 


2.1  TEST  FACILITY 

The  Aerodynamic  Wind  Tunnel  C4T).  is  a  closed-loop,  continuous  flow, 
variable-density  tunnel  in  which  the  Mach  number  can  be  varied  from  0.1 
to  1.3  and  can  be  set  at  discrete  Mach  numbers  of  1.6  and  2.0  by  placing 
nozzle  inserts  over  the  permanent  sonic  nozzle.  At  all  Mach  numbers,  the 
stagnation  pressure  can  be  varied  from  400  to  3400  psfa.  The  test  sec¬ 
tion  is  4-ft  square  and  12.5  ft  long  with  perforated,  variable  porosity 


(0.5-  to  10-percent  open)  walls.  It  is  completely  enclosed  in  a  plenum 
chamber  from" which  the  air  can  be  evacuated,  allowing  part  of  the  tunnel 
airflow  to  be  removed  through  the  perforated  walls  of  the  test  section. 

The  model  support  system  consists  of  a  sector  and  boom  attachment  which 
has  a  pitch  angle  capability  of  -7.5  to  28  deg  with  respect  to  the  tunnel 
centerline  and  a  roll  capability  of  -180  to  180  deg  about  the  sting  center- 
line.  A  more  complete  description  of  the  tunnel  may  be  found  in  Ref.  3. 

2.2  TEST  ARTICLE 

The  model  was  a  flat  base  7-deg  half  angle  cone  with  a  nose  blunt¬ 
ness  ratio  (nose  diameter  to  base  diameter)  of  15  percent.  The  moment 
reference  axis  was  located  on  the  model  pivot  axis  at  60.9  percent  of 
the  model  length  aft  of  the  model  nose.  The  model  was  constructed  of 
stainless  steel  and  had  a  total  weight  of  30.4  lbs  and  a  moment  of 
inertia  about  the  pivot  axis  of  0.408  slug-ft2.  A  sketch  of  the  model 
and  external  dimensions  is  shown  in  Fig.  1. 

Rings  of  stainless  steel  coated  with  carborundum  grit  were  used 
as  boundary  layer  trips  at  some  of  the  test  conditions.  These  trip 
rings  were  spotwelded  to  the  model  just  behind  the  model  nose.  Trip 
details  and  the  location  on  the  model  are  shown  in  Fig.  2. 

The  model,  when  mounted  to  the  Test  Mechanism  (described  in  Section 

2.3  below),  had  an  effective  sting  length  of  3.4  -model  diameters  and  an 
effective  sting-to-model  diameter  ratio  at  the  model  base  of  0.22.  The 
effective  sting  length  was  shortened  by  positioning  a  conical  flare  (Fig. 

3)  at  3.3,  3.0,  2.5,  2.0,  1.5,  or  1.0  model  diameters  to  the  rear  of  the 
model  base.  The  flare  was  mounted  to  the  motor  housing  such  that  it  did 
not  touch  the  sting  forward  of  the  motor  housing.  This  eliminated  the 
possibility  of  the  flare's  changing  the  sting  frequency  characteristics  or 
model  tare  damping.  This  sting  configuration  and  the  associated  conical 
flare  components  were  designed  and  bulit  at  AEDC  by  the  VKF,  and  were  also 
used  during  the  Ref.  1  and  2  tests. 

Two  types  of  model  wake  splitter  plates,  which  attached  to  the 
conical  flare,  were  also  investigated.  A  circular  clamp  was  attached  to 
the^long  plates  (No.  8  Plates)  to  minimize  vibration  at  the  forward  end 
of  the  plates.  Neither  the  clamp  or  the  plates  touched  the  sting. 

Plate  details  are  shown  in  Fig.  4,  and  plate  installation  details  are 
shown  in  Figs.  5  and  6. 

A  sketch  of  the  model  installation  is  presented  in  Fig.  7.  A  photo¬ 
graph  showing  a  typical  model-sting  configuration  in  the  test  section 
is  shown  in  Fig.  8. 

2.3  TEST  MECHANISM 

The  VKF  1.C  Forced  Oscillation  Test  Mechanism  (Figs.  9  and  . 10) 
utilizes  a  cross  flexure  pivot,  an  electric  shaker  motor  and  a  one- 
component  moment  beam  which  is  instrumented  with  strain  gages  to  meas¬ 
ure  the  forcing  moment  of  the  shaker  motor.  The  motor  is  coupled  to 
the  moment  beam  by  means  of  a  connecting  rod  and  flexural  linkage  which 
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convert  the  translational  force  to  a  moment  to  oscillate  the  model1 
at  amplitudes  up  to  +3  deg  (depending  on  flexure  balance)  and  fre¬ 
quencies  from  2  to  8  Hz.  The  cross  flexures,  which  are  instrumented 
to  measure  the  pitch/yaw  displacement,  support  the  model  loads  and 
provide  the  restoring  moment  to  cancel  the  inertia  moment  when  the 
system  is  operating  at  its  natural  frequency.  The  moment  beam  is 
not  subjected  to  the  static  loads,  and  can  be  made  as  sensitive  as 
required 'for  the  dynamic  measurements. 

Two  different  sets  of  cross  flexure  pivots  were  used  to  obtain 
data  at  the  high  and  low  oscillation  frequencies.  The  high  frequency 
(s  5.6  Hz)  was  obtained  with  the  0.150  in.  thick  cross  flexures,  hav¬ 
ing  a  stiffness  of  466  ft-lb/rad.  These  were  used  for  Runs  4  to  199, 
inclusive.  The  low  frequency  (~3.1  Hz)  was  obtained  with  the  0.100 
in.  thick  cross  flexures,  having  a  stiffness  of  141  ft-lb/rad.  These 
were  used  for  Runs  200  to  270,  inclusive.  The  same  moment  beam  was 
used  throughout  the  entire  test.  It  has  a  thickness  of  0.046  in.,  and 
is  capable  of  measuring  a  total  moment  of  9.8  inch-lbs. 

The  cross  flexure  pivot,  moment  beam,  and  flexural  linkage  assem¬ 
bly,  which  is  referred  to  as  the  Balance  Assembly  (Fig.  10b),  is  sup¬ 
ported  by  a  long,  slender  cylindrical  sting  with  a  1  deg  taper.  The 
sting  is  instrumented  with  strain  gages  to  measure  the  static  and 
oscillatory  deflections  of  the  sting  in  both  the  pitch  and  yaw  planes. 

A  penumatic-  and  spring-operated  locking  device  is  provided  on 
the  balance  to  hold  the  model  during  tunnel  start-up  and  shut-down. 

More  detailed  information  regarding  the  VKF  1 .C  Forced  Oscillation 
Test  Mechanism  may  be  found  in  Ref.  2. 

2.4  TEST  INSTRUMENTATION 

2.4.1  Forced  Oscillation  Instrumentation 

The  forced-oscillation  instrumentation  (Ref.  4)  utilizes  an  elec¬ 
tronic  analog  system  with  precision  electronics.  The  control,  monitor, 
and  data  acquisition  instrumentation  are  contained  in  a  portable  console 
that  can  be  easily  interfaced  with  the  instrumentation  of  the  various 
wind  tunnels  at  AEDC. 

The  control  instrumentation  provides  a  system  which  can  vary  the 
oscillation  amplitude  of  the  model  within  the  flexure  limits.  The 
oscillation  amplitude  is  controlled  by  an  electronic  feedback  loop 
which  permits  testing  of  both  dynamically  stable  and  unstable  config¬ 
urations  . 

Data  are  normally  obtained  at  or  near  the  natural  frequency  of  the 
model  flexure  system;  however,  the  electronic  resolvers  permit  data  to 


be  obtained  off  resonance.  All  gages  are  excited  by  d-c  voltages, 
and  outputs  are  increased  to  optimum  values  by  d-c  amplifiers. 

Typical  balance  outputs  from  an  oscillating  model  are  composed  of 
oscillatory  components  (OC)  superimposed  on  static  components  (SC). 
These  components  are  separated  by  bandpass  and  lowpass  filters.  The 
SC  outputs  are  used  to  calculate  the  static  moment  coefficients  and 
static  sting  deflections.  The  OC  outputs  are  input  to  the  resolver 
instrumentation  and  precise  frequency  measuring  instrumentation.  The 
resolvers  utilize  very  accurate  analog  electronic  devices  to  process 
the  OC  signals  and  output  d-c  voltages.  The  output  d-c  voltages  are 
porportional  to  the  amplitude  squared,  the  in-phase  and  quadrature 
(90  deg  out-of-phase)  balance  components  (forcing  torque),  and  the 
in-phase  and  quadrature  sting  components.  An  analog-to-digital  (A/D) 
converter  converts  these  outputs  to  digital  signals.  The  data  are 
recorded  for  a  period  of  time  selected  from  approximately  2  to  60  sec 
at  a  sample  rate  appropriate  for  the  type  test  and  wind  tunnel. 

2.4.1  Model  Base  Pressure  Instrumentation 

Model  base  pressures  were  measured  with  2  Sunstrand  (Kistler)  31 4D 
Servo  pressure: transducers  located  on  the  tunnel  plenum  chamber  wall. 
The  locations  of  the  orifices  with  respect  to  the  model  and  sting  are 
shown  in  Fig.  11. 

3.0  TEST  DESCRIPTION 

3.1  TEST  CONDITIONS  AND  PROCEDURES 

3.1.1  General 

A  summary  of  the  nominal  test  conditions  at  each  Mach  number  is 
listed  below. 
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The  reduced  frequency  parameter  at  the  high  oscillation  frequency 
(s5.6  Hz)  ranged  from  0.008  radians  at  Mach  number  1.3,  to  0.049  radians 
at  Mach  number  0.2.  At  the  low  oscillation  frequency  (*3.1  Hz),  it 
ranged  from  0.006  radians  at  Mach  number  0.9,  to  0.027  radians  at  Mach 
number  0.2. 

The  variables  for  each  configuration  are  listed  in  Table  1.  The 
Test  Summaries,  which  contain  all  configurations  tested  and  the  vari¬ 
ables  for  each,  are  shown  in  Tables  2  and  3.  Table  2  contains  the 
summary  of  the  model  boundary  layer  and  trip  effectiveness  investiga¬ 
tion  (Runs  26  to  46),  and  Table  3  contains  the  summary  of  the  support 
interference  Investigation  (Runs  49  to  269). 

Testing  procedures  in  the  yaw  oscillation  plane  were  identical  to 
those  in  the  pitch  plane,  except  that  the  entire  forced  oscillation 
mechanism  was  rolled  +90  deg  (PHIB  «  9Q) . 

3.1.2  Data  Acquisition 

After  establishing  tunnel  conditions  and  model  attitude,  the  model 
was  unlocked,  and  brought  to  a  constant  oscillation  amplitude  of  ±1  deg 
by  using  the  Forced  Oscillation  Control  System.  The  system  was  allowed 
to  stabilize  at  the  system  resonant  frequency  before  data  were  recorded. 
At  each  angle  of  attack,  generally  two  data  points  were  taken.  Data 
were  obtained  over  a  60  second  time  interval  at  each,  data  point.  The 
balance  and  sting  gage  outputs  and  frequency  instrumentation  were  read 
from  the  forced  oscillation  instrumentation  console  by  a  Digital  Data 
Acquisition  System  (DDAS) ,  at  a  rate  of  approximately  54  samples  per 
second. 

The  Automatic  Model  Attitude  Positioning  System  (AMAPE)  was  used 
to  control  the  model  position.  A  list  of  model  angle  of  attack  require¬ 
ments  were  programmed  into  the  AMAPS  prior  to  the  test.  After  data  were 
obtained  at  a  given  angle  of  attack,  the  AMAPS  was  manually  activated, 
and  the  model  was  automatically  pitched  to  the  next  angle  of  attack  on 
the  AMAPS  list. 

3.2  DATA  REDUCTION 

Data  from  the  DDAS  were  combined  with  tunnel  model  attitude  and 
base  pressure  instrumentation  data  and  sent  directly  to  a  DEC-10  System 
Computer.  Average  values  of  the  balance  and  sting  gage  outputs  were 
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calculated  by  the  computer,  and  used  in  conjunction  with  the  remain¬ 
ing  DDAS  outputs  to  calculate  the  dynamic  derivatives.  Both  the  SC 
and  OC  sting  gage  outputs  were  used  to  correct  the  data  for  sting 
bending  effects.  The  method  used  to  reduce  the  data  is  given  in 
Refs.  4  and  5. 

A  print-out  of  each  reduced  data  point  was  obtained  approximately 
2  minutes  (Real  Time)  after  the  DDAS  sent  the  unreduced  data  to  the 
computer.  Summary  data  were  printed-out  at  the  conclusion  of  each 
angle  of  attack  sweep.  Reduced  data  were  also  plotted  during  the  test, 
using  the  IBM-370  computer  Interactive  Graphics  System,  which  received 
the  reduced  data  from  the  DEC-10.  Usually,  the  data  were  available  for 
plotting  on  the  IBM-370  Graphics  System  within  the  same  amount  of  time 
(2  minutes  Real  Time)  as  the  reduced  data  print-out.  This  enabled  close 
monitoring  of  the  data  during  the  angle  of  attack  sweep,  and  allowed 
cross  plots  (cross  checks)  to  be  made  with  similar  configurations  obtained 
earlier  in  the  test. 

3.3  UNCERTAINTY  OF  MEASUREMENTS 

In  general,  instrumentation  calibrations  and  data  uncertainty  esti¬ 
mates  were  made  using  methods  recognized  by  the  National  Bureau  of  Stand¬ 
ards.  Measurement  uncertainty  is  a  combination  of  bias  and  precision 
errors  defined  as: 


U  -  ±  (B  +  t95S) 

where  B  is  the  bias  limit,  S  is  the  sample  standard  deviation,  and  t^,. 

is  the  95th  percentile  point  for  the  two-tailed  Student's  "t"  distribu¬ 
tion,  which  for  degrees  of  freedom  greater  than  30  is  equal  to  2. 

Estimates  of  the  measured  data  uncertainties  for  this  test  are 
given  in  Table  4a.  With  the  exception  of  the  Test  Mechanism,  data  un¬ 
certainties  are  determined  from  in-place  calibrations  through  the  data 
recording  system.  Static  load  hangings  on  the  Forced  Oscillation 
Mechanism  simulated  the  range  of  loads  and  deflections  anticipated  during 
the  test,  and  measurement  errors  are  based  on  differences  between  applied 
loads  and  deflections  and  corresponding  values  calculated  from  the  mech¬ 
anism  calibration.  Load  hangings  to  verify  the  sting  and  balance  cali¬ 
brations  are  made  in  the  tunnel  prior  to  testing  using  a  special  cali¬ 
bration  model. 

Propagation  of  the  bias  and  precision  errors  of  measured  data 
through  the  calculated  data  were  made  in  accordance  with  Ref.  6.  Un¬ 
certainties  in  the  calculated  tunnel  parameters  are  given  in  Table  4b, 
and  uncertainties  in  the  dynamic  parameters  are  given  in  Table  4c. 

The  quoted  uncertainties  are  based  upon  steady-state  operation  and 
do  not  reflect  the  effects  of  the  wind  tunnel  environment.  In  some 
instances  the  damping  data  (CLMQ)  will  show  slightly  larger  scatter  in 
the  repeatability,  usually  on  the  order  of  about  5-10  percent.  Also, 
the  large  quoted  uncertainties  for  CLMA  are  the  result  of  the  small 
magnitude  of  the  measurement  and  the  fact  that  the  wind-on  measurement 
level  is  about  the  same  level  as  the  wind-off  measurement  (particularly 
at  lower  angles  of  attack) . 
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4.0  DATA  PACKAGE  PRESENTATION 


The  Data  Package  includes  tabulated  and  plotted  data,  data  notes, 
run  logs,  and  nomenclature.  The  tabulated  data  includes  summary  data, 
point-by-point  data,  wind-off  tare  data,  and  toraue  calibration  data. 
'Plotted  data  include  (1)  individual  plots  of  CLMQ,  CLMA,  CLMT,  and  PB2 
as  functions  ot  angle  ot  attack,  and  (2)  comparison  plots  which  depict 
sting  length  ratio  (LS/D) ,  Reynolds  number,  frequency,  and  splitter 
plates  effects.  A  sample  of  the  Tabulated  Data  and  Plotted  Data  is 
presented  in  Appendix  III. 

Verification  plots  of  the  pitch-damping  data  and  base  pressure 
ratio  data  are  shown  in  Fig.  12.  The  plots  indicate  good  agreement 
between  the  extrapolation  of  the  present  results  (0.2  <.  M  <.  1.3)  and 
the  previous  supersonic-hypersonic  results  (2.0  M  <_  8)  reported  in 
Refs.  1  and  2. 
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Fig.  1.  Model  details 
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Fig.  2.  Boundary  layer  trip  details 
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Fig.  9.  Details  of  VKF  l.C  Forced  Oscillation 
Tost  Mechanism 


h.  Close-Up  View  of  Balance  Assembly 
Fig.  10.  Photographs  of  VKF  l.C  Forced  Oscillation 
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TABLE  L.  CONFIGURATION  IDENTIFICATION 
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SAMPLE  OF  TABULATED  AND  PLOTTED  DATA 


©*  x  r*  e*  '  I 

r-  • 

•  **h  **«l 
>  r-  O  x  I 
X60IMJ 
I  •«  I  •■  « 

-  x  m  e*  i-  ^ 

*<  W'ft. 

'  !« 

O  O  O  C  UJ 

U!  hi  U)  UJ  £0 

^  I-  C  C  * 

D3K  a  a 
a  a  c  o  z 

x  a.  u  o  . 

DC  U>  luh  , 

U  U  K  a  O  { 

UJ  I 

U  U  U  U  ^  ; 

*-  X  i-  a  o  1 

«t  »-i  *t  *-.  oc  i 

oho  t-,a. 


>  a  «  N  oc  on  y 


•  <*>  cc  x  cn  od  cd  x  *-l 
■  ff»-ccra«- 

>  X  X  X  X  X  X  X  X' 

>00000000 

■ooococco 

>  o  o  o  c  'o  o  c  o! 

»  I 

X  C*  X  CM 

>  x  r~  c  <n  —  cc 

•  c  —  rw  rv  —  r\'  a  r-i 
IC-<N.fV(N.r«C'*  —  — - 

>  •  •••[•••*. 
>icxx>xxxx*v 


!T  x  f-  x  m 
X  X  X  X  X 

.a  a  ^  a-  a 


<r  X  >C  «  h>; 
X  X  X  X  X 
cr  o>  a*  O'  CM 


«r>  x  -» 

c\  <%  r>  (\  1 

i*  w  «  f  «» 


•  r-  r~  r»  x  x! 
^  ir.’ir  x  x  *ni 
:  X  X  if  XX 


}x  o  a  cr  O' 
x  r~  xx  x 

A  r*  rs  in 


a  o  —  cm  xj 
x  r*  r*  xx1 

(N  IN  C*  IN  CN1 


|x  pn  .-  r  c 
,x  r-  r-  x  r* 

IX  X  X  X  X 


_  X  X 

r*  r*  r-  x  x; 

X  X  X  X  X 


,’  Sc  | 

•  X.  1C  1 

>*  u*  * 

h  V  *1  U  ; 

»-?<*»-■ 

•a  u  u  ,0 
~  HI  r  - 
C*  »  C 

«  *  c  o 

u.  *  >-  ; 

.  c.f- 

J  »-  v.  1 

Whi  •  , 

r  «a;U)  m 

a  ho 
z.  t  t.<JL  a 

•-  IW  X  « 
bi  a  ;  • 

o  o  >1  { 
ar  a  u.  ) 

—  C,x 

v  u'c,  1 


*»  a  r»i  7  a  ‘X  •->  *"  X 
oc  x«TO‘a,r>»aflto 
OC  C  »--»-fNINfNC 

,cccccccoco 

cocccooccc 


1—  c  f*  «1  'C 

—  c  —  e-«oo*— 

|c  O  C  C  O  C  «.  -  CO 


!*-  ~  A  fs  <T^ 


,►*  1 

-j  r-ix  1 

O  c  1 

a  r.a  i»  » 
o  sr.'fw  a  o 
a  a  o  a  in 

a  *,*o 


1  ~  A,  f%  <T  M>  «•*  X1 
«  /  •»0*-X'*r'N** 
*  x  ©  *»  rN  r-  ^  rev 

|x>  x  f  r-  ©  >*:a.  ©  x  «f»i 


V  iCCCC.CC  coco  ! 

t-  |o  C  OOOC  O  O  O  O'  I 


SAMPLE  1.  TABULATED  SUMMARY  DATA 


